Abstract This study aimed to assess individual and gender differences in power spectra in the body sway time series and sway velocity time series during a static upright standing posture using 30 preschool children and their spectrum distribution characteristics. The center of pressure (COP) movement for 1 min was measured twice with a 1 min rest on an Anima stabilometer. The data sampling frequency was 20 Hz. A power spectrum was calculated by applying a fast Fourier transform to time series data of X (medial/lateral) and Y (anterior/posterior) directions. The coefficient of variation (CV) over 10.0 of power was large (from 0.06 to 1.4 Hz in both directions), and as the frequency increased, the CV decreased. There were significant gender differences in the low frequency bands (less than 2.0 Hz), and almost all power of body sway time series and velocity time series were found in the low frequency bands (A and B sections) of the international standard. Individual differences were also large. The distribution of power spectra of their time series was different in both directions. These results suggest that the evaluation section of the existing international standard cannot properly evaluate periodic characteristics of body sway time series and sway velocity time series of preschool children.
Introduction
Body sway during an upright standing posture can be evaluated from center of pressure (COP) sway. Parameters of COP sway include distance and area (sway size) and velocity [1, 2] . Recently, a great deal of attention has been paid to the time-series characteristics of sway. In particular, analysis of the power spectrum is important because it helps evaluate the sway periodicity which differs from the sway size [3, 4] . In the international standard, the frequency band of the power spectrum has been divided into three sections: 0.02-0.2 Hz, 0.2-2 Hz, and 2-10 Hz [5] . Body sway can be evaluated by relative comparisons among the power spectra included in each of the three sections. Persons with labyrinth disorders have very high power spectra in specific high frequency bands. For example, those with unilateral labyrinth disability have high power spectra about 2 Hz in the X-direction, patients with bilateral labyrinth disability have high power spectra at 0.6-0.8 Hz in the Y-direction, and those with subfolium disability have high power at 3 Hz [5] . Hence, evaluation of sway power spectra is considered to be useful for studying body sway characteristics of persons with disequilibrium [5, 6] . However, some researchers [7] [8] [9] reported that healthy persons have body sway with extremely low fre-ORIGINAL ARTICLE quencies during an upright posture; this relates little to posture control. Therefore, the international standard may not properly evaluate time-series characteristics of body sway in healthy subjects. We previously reported that power spectrum parameters in young adults have little correlation with parameters of sway size and velocity (r<0.3), and are different in quality from sway size and velocity parameters [10] .
Preschool-aged children are in a marked developmental stage for the posture adjustment function, and the functions of their leg muscles, nerves and senses are undeveloped [11] . Hence, it may be difficult for preschool children to maintain a steady standing posture. Usui et al. [12] reported that the contribution of undeveloped spine erector and antagonist muscles (abdominal muscles) to posture control is small in preschool children, and their body sway is larger than that of young adults. Previous studies have examined preschool children's body sway characteristics mainly using parameters such as distance, area and velocity [12] . Few studies have examined timeseries periodical characteristics of body sway. In addition, preschool children may have gender differences in body sway, as revealed by physique and physical fitness [13] .
This study aimed to determine an individual difference and gender difference of power spectra of body sway time series and sway velocity time series, and their spectrum distribution characteristics during a static upright posture of preschool children.
Materials and methods
The subjects were 30 healthy preschool children, including 15 boys of mean age 4.2 years (SD=1.3), mean height 104.5 cm (SD=2.6) and mean weight 14.1 kg (SD=2.3) and 15 girls of mean age 4.5 years (SD=1.2), mean height 104.1 cm (SD=2.4) and mean weight 15.9 kg (SD=2.9). Before measurement, the purpose and procedure of this study were explained in detail to the children and their parents. Informed consent was obtained from all subjects and their parents. This experimental protocol was approved by Kanazawa University Health & Science Ethics Committee.
Experimental procedures
The measurement procedure followed the method prescribed in the standardization of the stabilometry test [14] . The subjects maintained a static upright posture with feet together (Romberg posture) for 1 min. During the testing, they were instructed to watch a circular target placed at eye level and stood barefoot with their arms held comfortably and their eyes open. The measurements 28 began after the subject's posture and eyes became stable. The test was performed twice, with a 1 min rest period. Data from the second trial were used for analysis. We instructed subjects not to change the position of their feet on the plate during the rest period in a sitting position.
The measurement instrument used was a stabilometer (G5500, Anima, Japan). This instrument can calculate the COP of vertical loads from values of three vertical load sensors, which are located in the corners of an isosceles triangle on a level surface. The data sampling frequency was set at 20 Hz.
We performed a frequency analysis by applying fast Fourier transform (FFT) to COP sway and sway velocity time-series data in the X (medial/lateral) and Y (anterior/ posterior) directions, and calculated the power spectrum. Each individual's power spectrum was converted into relative values in each frequency section based on the total spectrum and was accumulated.
Data analysis
Two-way ANOVA (frequency section × gender) was applied to examine the frequency sections and gender differences for accumulated relative values of the power spectrum. The coefficient of variation (CV) of each frequency section was calculated to examine the size of their individual differences. A probability level of 0.05 was considered as indicative of statistical significance. Figure 1 shows power spectrum of body sway time series and velocity time series of the X-and Y-directions. A power spectrum of body sway time series appeared more under 0.2 Hz in both directions, and power over 2.0 Hz (C, 2-10 Hz) was 15% or less of a total power spectra. A power spectrum of body sway velocity time series appeared over 2.0 Hz in both directions. Namely, power spectra of body sway time series and velocity time series showed different distribution characteristics, and the latter appeared over a wider range (Fig. 1) . Tables 1 and 2 show basic statistics and the results of two-way ANOVA for relative accumulated power spectra of body sway time series and velocity time series. The ANOVA results showed significant gender differences of both power spectra in both directions, and boys were larger than girls in the low frequency band. Frequency bands with a CV over 10.0 appeared up to 1.0 Hz in the power spectra of sway time series and 1.5 Hz in the power spectra of sway velocity time series. As the frequency increased, the CV decreased.
Results

Discussion
This study focused on COP periodicity of body sway. The frequency band of the power spectrum of an international standard was established as 3 frequency sections of 0.02-0.2 Hz (A), 0.2-2.0 Hz (B) and 2.0-10.0 Hz (C) without distinguishing body sway time series and velocity time series, based on Kapteyn et al.'s proposal [5] , and their relative frequency values have been evaluated. These frequency sections may be effective to evaluate the sway of persons with disorders, by showing high power spectra in the specific high frequency bands [5, 6] . In this study of preschool children, the power of body sway time series and velocity time series appeared under 0.2 Hz in both directions, and the power spectrum over 2.0 Hz was 15% or less of a total power spectra. In short, we confirmed that power spectra of preschool children are found in 6.0 Hz or less (95% or more), and their char- acteristics exist mainly in low frequency sections (A and B sections) of the international standard. Frequency bands with a CV over 10.0 appeared up to 1.5 Hz in both power spectra of both directions, and as the frequency increased the CV decreased. Gielen and Denier van der Gon [15] also reported that preschool children's sway periodicity belongs to the low frequency band. This study suggests that an evaluation method based on three sections of the international standard, designed for assessing change of high frequency in persons with disorders, cannot properly evaluate sway periodicity characteristics of preschool children. When evaluating frequency characteristics of body sway, the index used is divided largely into the following 2 types: specific single frequency (e.g. mean frequency) and frequencies in a certain range. Fujiwara and Ikegami [8] reported that using only the former specific frequency may not be effective to wholly evaluate distribution characteristics. As adopted also in the international standard, the latter evaluation method will be effective. From the present results, preschool children's distribution of power spectra are considered to be different in 30 both time series and in both directions. However, the international standard uses the same frequency section to evaluate frequency characteristics of time series and velocity time series or right-left and front-back directions without distinguishing them. Therefore, it is judged that preschool children's frequency characteristics cannot be properly evaluated. It will be necessary to establish evaluation frequency sections according to body sway time series and velocity time series. Previous studies [16, 17] have mainly examined body-sway characteristics of preschool children in a comparison with those of young adults or the elderly. The following were reported: important brain and nervous system functions for posture maintenance develop markedly [18] , the participation at the substantia corticalis level is small and their posture is mainly maintained by the subordinate central nervous system [16] , and they have undeveloped spine erector and antagonist muscles (abdominal muscles) related to posture control [12] . In short, preschool-aged children are at a marked developmental stage for the important posture adjustment function for posture maintenance, and the work and sway periodic characteristics are different from Sport Sci Health (2008) 3:27-32 those in young adults. In this study, significant gender differences were found in the low frequency bands. Deoreo [19] reported that a gender difference in preschool children from 3 to 5 years was not found in a walking test, but girls were superior in balance ability because of their small body sway in the balance test using the equilibrium board. Williams and James [17] and Fujiwara and Ikegami [8] also reported that girls are superior in static equilibrium. In addition, preschool children may have a gender difference in periodical characteristics of body sway, as well as physique and physical fitness [13] . In summary, almost all powers of body sway and sway velocity time series of preschool children are found mainly in the low frequency bands (A and B sections) of the international standard, and their frequency characteristics differ in the medial/lateral and anterior/posterior directions. Gender differences exist in the low frequency band and individual differences are also large. The existing evaluation section of the international standard cannot properly evaluate periodic characteristics of body sway time series and velocity time series of preschool children. Two-way G Ge en nd de er r d di if ff f ff ff ff ff ff f f e fe f fe fe fe f f r re en nc ce e F = 10.94 * G Ge en nd de er r d di if ff f ff ff ff ff ff f f e fe f fe fe fe f f r re en nc ce e F = 3.55 ns ANOVA S Se ec ct ti io on n d di if ff f ff ff ff ff ff f f e fe f fe fe fe f f r re en nc ce e F = 4841.54 * S Se ec ct ti io on n d di if ff f ff ff ff ff ff f f e fe f fe fe fe f f r re en nc ce e F = 5514.41 * I In nt te er r a ac ct ti io on n F = 3.20 * I In nt te er r a ac ct ti io on n F = 1.58 *
